I. Introduction
It has been argued that urban amenities are a crucial determinant of the urban economic growth of many contemporary cities (Brueckner et al., 1999; Glaeser et al., 2001 ). Roback (1982) was one of the first to argue that differences in amenities, or the quality of life, may cause substantial wage and house price differences between cities. Urban amenities may not only be crucial for the growth of cities, but may also impact the urban spatial structure and are a critical factor in location choices of households within the city.
An important example of an urban amenity is the presence of cultural heritage. Historic amenities are thought to contribute to an attractive living environment and may attract shops, restaurants and other modern urban amenities. European cities, in contrast to US cities, generally offer historic amenities to tourists and to its residents,.
Historic amenities will most likely imply a positive external effect on the local economy:
benefits are not only enjoyed by the users, but also by visiting tourists and residents living close to the building. Furthermore, historic amenities may attract high-skilled high-income workers that may generate knowledge spillovers (Brueckner et al., 1999; Koster et al., 2014; Falck et al., 2015; Van Duijn and Rouwendal, 2015) . However, costs of maintaining and preserving historic buildings are not necessarily shared among those who enjoy the benefits. 1 The presence of an external effect therefore provides a good reason for local and national governments to protect cultural heritage. Many governments indeed have taken measures to preserve cultural heritage, by designating historic districts and by introducing subsidies for renovation and maintenance (Ahlfeldt et al., 2014) . For instance, in the Netherlands these subsidies have been in place since the 1970s when many listed buildings were in a poor condition. The subsidy programme has been successful in the sense that most (90 percent) of the national listed buildings are now considered to be in a good condition.
In this study we aim to measure the external effects of these -often substantialinvestments in historic amenities on the housing market. There are arguably two external effects of investments in cultural heritage on surrounding properties. First, there is a direct positive effect of the investment on the prices of surrounding houses because a higher quality of historic amenities raises the overall amenity level in the neighbourhood. Second, households may adjust the quality of their house through private investments in maintenance and outward appearance. This will lead to subsequent changes in prices when housing quality is also enjoyed by neighbouring households (the indirect effect). RossiHansberg et al. (2010) predict that the provision of housing quality by individual households will decrease when governments provide funding to improve the neighbourhood, which implies a negative indirect effect on house prices. We show that the latter outcome crucially depends on (arbitrary) functional form assumptions of the utility function. Hence, it is an empirical question whether the level of housing quality provided by households changes due to investments in the neighbourhood.
To distinguish between the direct and indirect external effect of cultural heritage, we not only test the impact of investments in cultural heritage on house prices, but also on the maintenance level. We use a dataset on investments in individual listed objects since 1985 and a house price transaction dataset that covers about 70 percent of the transactions in the Netherlands since 1985.
To measure the causal impact of changes in the local amenity level due to investments, one faces several difficulties with respect to endogeneity. More specifically, historic amenities are often clustered on attractive locations (e.g. city centres), which may lead to a spurious correlation between historic amenities and house prices. This implies that identifying external effects caused by historic amenities require an exogenous source of variation in the amenity level of a given location. To control for all unobserved time-invariant housing and neighbourhood attributes, we use repeat sales and temporal variation in investments in cultural heritage. This should strongly reduce the problem of omitted variable bias. Still, the investments may be correlated with unobserved price trends. For example, the investments in city centres may be correlated with a renewed interest in city living. To make it more plausible that we identify a causal external effect of investments in cultural heritage on house prices and the maintenance level, we use exogenous variation in spending in national subsidy programmes in the spirit of Bartik (1991) and Moretti (2010) , among others. Based on the stock of listed buildings in 1985 and the total subsidies in cultural heritage per year, we predict the expected investments in cultural heritage for each neighbourhood. One may argue that unobserved trends may be correlated to the stock of listed buildings in 1985, so we extensively control for interactions of the number of listed buildings in 1985 and time. This implies that we assume that unobserved trends that are related to the number of listed buildings in 1985 are reasonably smooth over time. We subject our conclusions to a wide range of robustness checks. In the sensitivity analysis we for example use an alternative 'quasi-experimental' approach based on the designation of historic districts.
It should be noted that this is not the first study that examines the house price effects of historic amenities. 2 However, most of these studies are of a limited geographical and temporal scope, do not investigate the effect on housing quality, and are cross-sectional. To the best of our knowledge, this paper is the first that uses temporal variation in the quality of cultural heritage to identify the effects on house prices. It is also the first paper that aims to distinguish between direct and indirect effects of investments in cultural heritage.
The results show a profound impact of cultural heritage investments on house prices, but we find no evidence that the maintenance level of non-eligible properties are affected by investments in cultural heritage. This suggests that the main price effect of the investments is a direct effect. We show that a million euro investment per square kilometre (about 1.2 standard deviations) leads to an increase in house prices of 1.5 percent. A counterfactual analysis suggests that the external benefits of investments in cultural heritage exceed the costs.
The paper proceeds as follows. In the next section we discuss the theoretical implications of place-based investments. Section III discusses the cultural heritage policies in the Netherlands. In Section IV, we elaborate on the empirical estimation strategy and data.
Section V presents and discusses the results. We also report a counterfactual analysis to gain understanding on the quantitative implications of our results. In Section VI, we subject our results to an extensive sensitivity analysis, including an alternative identification strategy.
Section VII concludes.
II. Cultural heritage, housing services and prices

A. The model
To structure our thoughts and motivate the empirical work, we formalise the hypothesised impacts of investments in the built environment in a model. We consider a neighbourhood with houses and other buildings. All houses are assumed to be identical in their physical characteristics, including lot size, but may differ in the state of maintenance, quality of the garden, et cetera. The inhabitants of the house determine the values of these attributes, which has been referred to as housing quality in the previous section. To formalise this, we treat housing quality as a single homogeneous commodity, available in arbitrary quantities at a given unit price and refer to it as housing services (see Rossi-Hansberg et al., 2010) .
Housing services thus refer to the quality of a house as far as it can be affected by the inhabitant through maintenance, improvements in outward appearance, the garden et cetera, while keeping the (other) physical characteristics unchanged. The level of housing services is determined by the inhabitant of a house, but it is observed and appreciated by neighbours, and may have an impact on their consumption of housing services as will be discussed below.
There are also other (non-residential) buildings in the neighbourhood with a given (outward) quality. Some of the other buildings are listed and (subsidised) investments in those buildings may occur that increase the quality of the exterior. This is observed by the inhabitants of the neighbourhood and affects their utility as well as -potentially -their own consumption of housing services. We are interested in the impact of such investments on the value of houses in the neighbourhood. 3
The consumers who inhabit a house at location derive utility from consumption of a composite good , the housing services of the house they inhabit ℎ , the housing services consumed by their neighbours, indicated as , and the quality of the other buildings in the neighbourhood . Each household chooses the amount of housing services of their own house, as well as their consumption of the composite good. They take the housing services consumed by the other inhabitants of the neighbourhood, as well as the quality of the other buildings, as given. Formally, the utility function can be written as = ( , ℎ , , ) . Utility is increasing in all its arguments and the indifference curves are convex. Utility is maximised subject to the budget constraint − = + ℎ , where denotes income, the rent to be paid for the house and is the cost per unit of housing services. 4 The rent equilibrates -5-supply and demand in the local market and may depend on the physical characteristics of the house, which are taken as given by the inhabitants of the house. Utility maximisation subject to the budget constraint leads to a demand equation for housing services that can be written as ℎ = ℎ( − , , , ).
We define as a weighted average of the housing services of i's neighbours and we define as a weighted average of some indicator ℎ ̅ of the quality of other buildings in the neighbourhood:
The integrations refer to all houses except that inhabited by i and to all other buildings at other locations, respectively, and and ℓ are non-increasing functions of distance between and house or other building at other locations and ℓ. In most of the empirical work we specify it as a step function that is positive for short distances and zero otherwise.
In the empirical application we consider a situation in which changes as a consequence of a subsidy programme for listed buildings. The change in has an immediate impact on well-being as well as a possible effect on the demand for maintenance by households. If the latter effect occurs, will also change, which -similarly -can have an immediate impact on well-being as well as a possible effect on the demand for housing services by households.
Our model is related to Rossi-Hansberg et al. (2010) , who also assume that households derive utility from the housing services consumed by neighbours. 5 They assume that the housing services of one's own house and the indicator of the housing services consumed by others are perfect substitutes, which rules out the possibility that a change in or has an impact on utility that does not affect the marginal utility of housing services ℎ , or has a positive impact on the demand for housing services ℎ and therefore leads to a higher . One can easily imagine that people appreciate their neighbour's garden or a good state of maintenance of a nearby monument without any change in the demand for housing service for their own house. It may also be that a better condition of the houses and other buildings in the neighbourhood increases the consumption of ℎ . Ioannides (2003) and Patacchini and Venanzoni (2014) , for example, find substantial social interaction and peer effects on the maintenance of houses. This evidence clearly indicates the need for more general specifications of the utility function.
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In our notation, Rossi-Hansberg et al. (2010) specify the utility function as ( , ℎ , , ) = ( , ℎ + + ). We may treat the quality of other buildings in the same way as the housing services of other houses, i.e. as being also a perfect substitute for the housing services of the house one inhabits. Rossi-Hansberg et al. use a Cobb-Douglas specification for ( • ).
B. Social interactions, equilibrium and investments
In the remainder of this section we assume preferences can be described by a simple variant of the indirect utility function that Hausman (1981) showed to be consistent with a linear demand function: 6
(2) ( − , , , ) = e − ( + ( − ) + + + + 2 ) + + .
The first term on the right-hand side determines the demand for housing services, while the last two terms represent the direct effects of the housing services of one's neighbours and of the quality of other buildings in the neighbourhood on utility, respectively. The strength of these direct effects is indicated by the parameters and . Application of Roy's identity gives the demand function ℎ = + ( − ) + + + , where the parameters , , , and denote the intercept and the impact of income-minus-rent, the price of housing services, housing services consumed by neighbours and the quality of maintenance of other buildings on household i's demand for housing services, respectively. This demand function allows for positive as well as negative effects of and on housing services, as the signs of and can be negative as well as positive. To make sure that utility is increasing in and we assume that > 0, which tells us that the demand for housing services is normal and that ⁄ + > 0, ⁄ + > 0. This utility function allows for a rich set of possible impacts of investment in cultural heritage on utility and the demand for housing services.
The dependence of the demand for housing services on the amount of housing services consumed by others implies a social interaction effect. To see this more clearly, we write the system of equations for all households in matrix notation as = + ( − ) + + + ̅ , where we have used bold symbols to indicate vectors and matrices, denotes a vector with all its elements equal to one, and , are matrices with the weights and as elements. It then should hold that = ( − ) −1 ( + ( − ) + + ̅ ).
This equation shows that the quality of other buildings has a direct impact on maintenance when ≠ 0. In addition to this direct impact there is an indirect impact via social interactions if ≠ 0.
To study the equilibrium on the housing market we start considering the conventional setup with renters and absentee landlords and then consider the situation with owneroccupiers, which is more relevant for our empirical work. 7 Rents in the neighbourhood adjust in such a way that utility is equal to a given level ̅ for all households. The indirect utility 6 The choice of this functional form is -of course -to some extent arbitrary and motivated by the convenience of a linear demand equation. We could also have formulated variants of Cobb-Douglas, CES, translog or AID preferences that allow for direct effects as well as effects on the demand equation that can be of either sign. An analytical expression for the direct utility function associated with (2) does not seem to exist. However, the conditions under which a function of income and prices can be considered as the indirect utility function associated with preferences that satisfy the standard properties are well-known (see e.g. Deaton and Muellbauer, 1980) . 7 Note that we assume that the rent is determined by the housing characteristics that are given, whereas the housing services are determined by the household through decisions on maintenance of the house and perhaps the garden. The tenant has to pay these expenses.
function ( • ) must thus reach the same value at all locations, so ( − , , , ) = ̅ . Let us evaluate the impact of an investment in the quality of some of the other buildings in the neighbourhood, ∆ > 0. This may lead to changes in the housing services of all houses in the neighbourhood ∆ as well as changes in rents Δ . If the reservation utility ̅ remains unchanged, we must have ( − − ∆ , , + ∆ , + ∆ ) = ̅ .
For the indirect utility function (2), the change in rent that keeps utility constant is:
The two expressions in brackets are positive because utility is increasing in the two neighbourhood quality indicators. Since the quality of other buildings will improve because of the investments we consider, the second term on the right-hand side is clearly positive.
However, the sign of the first term is ambiguous because we allow for the possibility that inhabitants of the neighbourhood decrease the consumption of housing services. The changes in the ℎ 's that underlie the changes in can be written as
, and ∆ = . Using these equations, it is not difficult to solve for as a function of ̅ = ∆ . 8 The change in the value of the houses is the net present value of all changes in the present and future rents that caused by the investments in other buildings.
In our application, we consider an owner-occupied market. This implies that there is no increase in rents (or user cost) that keeps utility constant. This means that the change in rent vanishes in the housing services equation, which leads to:
Hence, the change in housing services is larger in the owner-occupied market, which may be interpreted as a positive impact of homeownership on neighbourhood quality. 9
Substitution of the remainder of (4) into (3) gives:
This is the compensating variation of the impact of the investment in other buildings on the utility of the homeowners and the net present value of these compensating variations is the increase in the value of the houses in the neighbourhood. Our empirical work takes (5) as the starting point and attempts to measure the change in house prices that is caused by investments in listed buildings.
It is clear that (5) incorporates all effects of such investments: the direct effect on utility as well as indirect effects that occur via adjustments in the demand for housing services. In an attempt to shed some light on the composition of this total effect, we will also estimate an Estimation of this equation provides us with information about the importance of the first term in square brackets on the right-hand side of (5). For instance, if we find no impact of the investments on the state of maintenance of houses the neighbourhood, this would suggest that such investments do not invoke a direct impact on the demand for housing services ( = 0), but there may still be a sizeable direct effect on utility ( > 0) that is reflected in house prices.
III. Cultural heritage in the Netherlands
Cultural heritage policies in the Netherlands aim at protection and preservation of the historic building stock. An important instrument is to list individual objects, which gives the object a special status. The procedure for listing buildings in the Netherlands started with the determination of a shortlist referring to a particular period. In the early 1960s heritage dating back to the period before 1850 was considered. In the early 1980s a shortlist for heritage from the period 1840-1940 was completed and currently the buildings of the postWorld War II period are taken into consideration.
Listed buildings face several restrictions. It is of course not allowed to demolish the object, but also (small) changes to the exterior or interior of the house (e.g. changing window frames) are often not allowed. On the positive side, one may deduct the maintenance costs from taxable income, and the listed building status may imply positive reputation effects.
However, arguably the most important benefit of listing is that the building is eligible for subsidies for renovation and maintenance. 
IV. Econometric framework and data
A. Estimation procedure and identification
We are interested in the causal effect of investments in cultural heritage, denoted by , on house prices or housing services, denoted by , where refers to a property in neighbourhood , and is the transaction year. We proxy for housing services of non-eligible houses using the maintenance state of the house. The basic specification yields:
where and are parameters to be estimates, and are referring to cumulative investments and house characteristics respectively, are year fixed effects, and is an identically and independently distributed error term. The cumulative investments in year in a certain neighbourhood in year are given by:
where is the start year of the study period, is the investment density in neighbourhood , where = 1, … , in year , and denotes a spatial weight. We emphasise that captures the cumulative effects over time of investments in cultural heritage, which implies that the effects of investments have a permanent effect on house prices and the maintenance level. We also assume that investments in a specific project occur if the specific project is finished and are zero otherwise. We focus on effects of investments in the same neighbourhoods, so = 1( = ). In the sensitivity analysis, we will investigate whether there are spatial spillovers. 10 10 It has been argued that external effects of amenities are continuous over space. Rossi-Hansberg et al. (2010) changes in house size that disproportionally occur outside historic districts due to restrictions), we will also include changes in housing attributes Δ , implying:
Note that if we would have two transactions for each property, the above equation would deliver identical estimates compared to a specification where we would include property fixed effects. Because we will rely on unbalanced panel data, we emphasise that Δ indicates differences over multiple years, as properties are usually not sold every year. Hence, we analyse the difference in variables of interest of the same property at two different dates. 12
The crucial identifying assumption for consistent estimation of in the above equation is that unobserved trends are uncorrelated with the change in treatment Δ . This assumption may be problematic, e.g. because of trends in gentrification in historic city centres. The second concern is that is measured with error. It might be that includes substantial investments to the interior of the building, which are expected not to lead to external benefits. Furthermore, if anticipation effects are important, or when part of the benefits accrue during the renovation process, this implies a measurement error that will bias the estimated coefficient towards zero.
To deal with these issues, we construct an instrument to predict the change in investments that should be uncorrelated to local shocks. We use national changes in spending on cultural heritage to predict local changes in cultural heritage investments using information on the (time-invariant) stock of listed buildings, in the spirit of Bartik (1991) , Saks (2008) and Moretti (2010) , among others. The identifying assumption is that unobserved trends are uncorrelated with the stock of listed buildings in the start year of the study period, denoted by . As described in the previous section, the national government launched several subsidy programmes which differ vastly over time in terms of budget, semiparametric econometric approach clearly offers flexibility and does not put any restrictions on the functional form of the spatial decay of the investments, Rossi-Hansberg et al. (2010) only can focus on the effects of the closest impact area. This seems a valid procedure if there are a few impact areas, so that one property is not influenced by multiple investment projects. However, in our application, the house price can be influenced by many proximate investments in cultural heritage. Furthermore, we only have investment data available at the neighbourhood level.
11 Note that the change in the dependent variable can only be observed between two points in time at which the property is sold. For this reason the method is often referred to as the repeat-sales approach. 12 Although we consider the repeat-sales estimator as the preferred estimator because it controls for all time-invariant housing attributes, we will also test whether our results are robust to the use of a fixed effects estimator (see Table B5 , Appendix B).
which implies that the predicted investments of each listed object to receive money changes considerably over the years. We then calculate the predicted investments as:
where is the total money spent on cultural heritage subsidies in year , ℓ is the number of listed buildings in neighbourhood in year , and is the total number of listed buildings in the listed building register in year . Equation (9) implies that we estimate the predicted share of the national budget that is spent in neighbourhood , based on the initial stock of listed buildings. Hence, if an area has initially more cultural heritage, the probability that it will receive subsidies is higher. The first stage is then given by:
where the ~ indicate first-stage coefficients. Note that the second stage will be identical to equation (8), except for the fact that we include the predicted value of Δ .
It seems plausible to suppose that the instrument is uncorrelated to different sources of measurement error in and mitigates the problem of unobserved trends. However, one may argue that listed buildings are not randomly distributed over space, but are disproportionally located in city centres of larger cities. It might therefore be that the stock of listed buildings in year is correlated to unobserved price trends (e.g. the fact that city centre living has gained increased attention in recent years). To alleviate this problem, we include neighbourhood fixed effects . The inclusion of fixed effects at a low level of spatial aggregation will partly solve the problem of unobserved trends, but definitely leaves the option open that Δ is still correlated to Δ if price trends are nonlinear. We therefore also will include a function of the number of listed buildings ℓ interacted with a flexible time trend:
with:
, where denotes the order of the polynomial, = 1, … , and = 1, … , , and are parameters to be estimated. Υ( • ) should be flexible enough to capture all price trends that are correlated to the stock of listed buildings in in . On the other hand, when Υ( • ) is fully nonparametric in the sense that it changes discretely over time, there would be perfect multicollinearity with the instrument . In practice, this will imply that we assume that unobserved trends that are correlated with ℓ are reasonably smooth over time, so that they are captured by Υ( • ). For most demographic trends that may be correlated to , such as gentrification, this is most likely the case. Note that these trends may also pick up some of the identifying variation related to changes in the predicted investments , which may lead to an underestimate of .
Although we think the above approach is a convincing strategy to identify a causal effect of cultural heritage investments on the maintenance state and prices, we will extensively check for robustness in the sensitivity analysis, e.g. by focusing on a shorter time period and using a different identification strategy (see Sections VI.B and VI.C).
B. Data and descriptives
Our analysis relies upon two datasets. The first contains investments in cultural heritage from 1971-2011 for which funding from the national government is requested. The data on investment in cultural heritage that we use are from the RCE. They refer to renovation of listed buildings. At the level of individual objects we have information on the total investment, the total amount of subsidy provided, the date when the work was started and the date when it was finished. The investments are also accompanied by a short description.
Based on this description we remove investments that entirely refer to renovations of the interior (almost 7 percent of the observations), because we do not expect that these renovations will have any external effects on the surrounding neighbourhood. See Appendix A for more information on this selection.
It should be noted that our investment data only cover projects for which a subsidy was given. These data do not include private investments for which no additional funding is requested. However, because eligible buildings have a high probability to receive subsidies when they apply for subsidies, there is hardly an incentive not too apply for subsidies on renovations, in particular for larger investments. Furthermore, we think it is unlikely that investors would not know about the programme given its large scale. Our data is therefore expected to capture most of the investments in cultural heritage. We should also mention that we consider only subsidies for national listed buildings. Buildings are sometimes only listed by local governments. Specific subsidies for the latter type of structures may then be provided by local governments. However, anecdotal evidence suggests that these programmes are of very limited size relative to the national programmes that we study here.
We group the investments by meaningful neighbourhoods, based on the most detailed definition of neighbourhoods used by Statistics Netherlands. The median number of inhabitants per neighbourhoods is 665 and the median size is 0.85 square kilometres. The investment data is positively skewed: some areas with a large number of listed buildings receive substantial investments (e.g. the historic city centre of Amsterdam) whereas many others receive small amounts or nothing. To avoid the problem that our results are driven by a few impact areas, we exclude the neighbourhoods that have received more than € 2,000,000 per square kilometre in one year once during the entire study period, so that -14-approximately 2.5 percent of the neighbourhoods is excluded. We investigate the robustness of the results to this particular assumption in Appendix B (see Table B6 ). 13 The second dataset contains information on more than two million housing transactions between 1985 and 2011. The data is obtained from the NVM (Dutch Association of Real Estate Agents) and contain information on the large majority (about 70 percent) of all private housing transactions. We notice that we do not have information on rents. Data on rents would not provide any information on the economic effects of cultural heritage investments, as in the Netherlands about 80 percent of the rental transactions refer to rent-controlled markets. For every transaction we know the transaction price, the exact address and location, the size, number of rooms, construction year and maintenance quality, among other things.
We omit transactions with prices that are above € 1 million or below € 25,000 and have a price per square meter which is above € 5,000 or below € 500. We furthermore leave out transactions that refer to properties that are larger than 250 square meters or smaller than 25 square meters. These selections refer to less than one percent of the data and do not influence our results. Moreover, because we are interested in the external effects of investments in cultural heritage, we exclude transactions of residential properties that are listed (so are directly eligible for subsidies). Table 1 reports descriptive statistics. 14 It can be shown that the full sample and repeatsales sample are similar. There are, however, some notable differences. First, the house price is about 12 percent lower. This may be because the share of apartments is higher, which are usually cheaper. Of course, the share of recently constructed houses in the repeat-sales sample is lower, because the probability that they are transacted more than once is lower.
More importantly, the average investments in cultural heritage are about the same (about € 85,000 per km²). The predicted investments are also very similar between the full sample and repeat-sales sample. In Figure 3 we plot the house price trends for our study period. It is shown that the price trend of the full sample and repeat-sales sample are very similar and only deviate a little in the last years.
It appears that for the state of maintenance, about 80 percent has a value equal to 0.75.
This may either indicate a maintenance score of 0.75 or a missing value (when the realtors did not fill this variable, the value is 0.75). Because this will lead to a very noisy dependent variable, we only focus on observations that have a score that deviates from 0.75 for either the inside maintenance quality or outside maintenance quality. The idea is that realtors will have filled in both indicators or none. 15 In Table 1 , one may see that the share of missing observations for the state of maintenance is then 67 percent. The number of observations for the full sample is 2,104,012 and for the repeat-sales sample it is 656,744. For the corrected maintenance score, the number of observations is respectively 695,046 and 184,430. We exclude observations in areas that have faced changes in investments larger than € 2 million per square kilometre in one year once during the study period. distribution of the outside state of maintenance is not normally distributed and it seems that realtors tend to round maintenance scores to 0.5, 0.75 or 1. As long as this rounding error is random, this will not affect the consistency of our results.
V. Results
A. Baseline results -house prices
We start analysing the effects of investments in cultural heritage on house prices. In Table 2, we report the main regression results. We consider the impact of a one million euro increase in investments per square kilometre. The average size of investment projects is about € 250,000 (with a standard deviation of € 782,000), and the neighbourhood median size is 0.85 square kilometres, so the results can be interpreted as the effect of multiple projects in a neighbourhood (which often happens) or the effect of a single relatively large investment project. 16 In all specifications, the standard errors are clustered at the neighbourhood level.
In column (1) we estimate a naïve regression of the change in house price on the change in investments, while controlling for national price trends. The results seem to suggest that a million euro increase in investments per square kilometre increases house prices by 1.82 percent. When we include housing attributes in column (2), the coefficient is very similar, albeit slightly lower. The control variables have plausible signs. Doubling the house size leads to an increase in the price of about 8 percent. The number of rooms, the maintenance quality 16 Of course, we may also have investigated the effects of an average investment project, but this will not impact the qualitative conclusions. We exclude observations that are in listed buildings. In Columns (3)-(6) the instrument is the change in the predicted investments. We set = 3 in columns (5) and (6). Standard errors are in parentheses and clustered at the neighbourhood level. *** p<0.01, ** p<0.05, * p<0.1. and whether the house has central heating all imply a (strong) positive price effect. Note also that when maintenance quality is missing, prices are higher, suggesting that realtors do not always report when houses are well-maintained.
Our results may be biased if unobserved price trends are correlated with investments in cultural heritage. We therefore instrument the change in investments with the change in the predicted investments. The first-stage results are reported in Table B2 , Appendix B. The instrument is strong and relevant, as the first-stage F-statistic is always well above the ruleof-thumb value of 10. The first-stage results suggests that a million euro per square kilometre increase in the predicted investments increase investments by 0.384 million euro per square kilometre. Note that this coefficient is much smaller than one, so the actual investments are usually lower than predicted. This is not too surprising, as some very large investments are made in (large) county estates (e.g. Kasteel de Haar) with relatively few properties in the neighbourhood, which implies that the remaining listed buildings receive fewer investments than predicted. Furthermore, we exclude neighbourhoods that have received these very large investments.
In column (3), Table 2 , the coefficient suggests a positive price effect of investments in cultural heritage on house prices: a one million euro increase in investments per square kilometre leads to an increase in house prices of 3.32 percent. One may observe that the coefficient is higher than the OLS estimates, which suggests that the instrumental variables approach addresses, at least to some extent, the downward bias caused by the measurement error in the investments variable. However, this approach may not fully address the potential correlation with unobserved shocks because areas that had more listed buildings in 1985 may have different price trends from neighbourhoods with fewer listed buildings. In column (4) we therefore include neighbourhood fixed effects, leading to a very similar price effect of cultural heritage investments. Column (5) also controls for a flexible trend in the listed building density by including a polynomial function of the listed building density in 1985 interacted with the time trend. 17 So, this approach controls for all smooth time-varying unobservables that are correlated with the number of listed buildings in a neighbourhood, but it may also capture some of the identifying variation related to changes in the predicted investments. The coefficient is now somewhat lower: a million euro increase in investments per square kilometre leads to an increase in prices of 1.68 percent. One might argue that most of the identifying variation comes from observations after 2000, as fluctuations in national budgets were more pronounced in the last decade of our sample (see Figure 1) . In column (6), we therefore only include observations for which both transactions occur after 2000. This also increases the probability that the flexible function of number of listed buildings and time picks up unobserved shocks, and because the national investments in listed buildings were much more volatile, it is now unlikely that the polynomial trends capture the identifying variation related to the instrument. Although this greatly reduces the number of observations, the coefficient is statistically significant at the one percent level. The impact of investments in cultural heritage is now higher: a one million euro increase in investments leads to an increase in prices of 5.39 percent. Hence, this might indicate that the previous estimates are underestimates.
Based on these results, we conclude that there is a price effect of investments in cultural heritage on house prices. However, we do not yet know whether this price effect is mainly due to the direct investments in cultural heritage, or via the increased housing quality of neighbours. If the latter is the case, the maintenance state should have been increased due to the investments, which we will test in the next subsection. If we are only interested in the direct effect of investments on prices, one may argue that we should also control for the average maintenance quality of the neighbourhood. We have calculated the average maintenance quality of houses that are sold in each neighbourhood in each year and have included that in the regressions (see Table B4 , Appendix B). Although the coefficient of 17 We set the order of the polynomial to three and will check robustness of this choice in the sensitivity analysis.
neighbourhood maintenance quality is positive and statistically significant, the coefficient related to investments is virtually unchanged. 18
B.
Baseline results -state of maintenance
We investigate whether public investments in cultural heritage have implied a change in the maintenance level of the exterior of the house, as a proxy for changes in the provision of housing services. Because maintenance quality is often missing, we have a substantially lower number of observations compared to the price regressions. Table 3 reports the results.
In column (1), we provide a simple regression of the change in the maintenance level on the change in investments. The results suggest that there is no statistically (and economically) significant effect of investments on the state of maintenance. When we control for the change in house size and the number of rooms, the coefficient is very similar (column (2)). Due to endogeneity issues, we instrument for investments with the predicted investments. In Table   B3 , Appendix B, we report the first-stage estimates, which are almost identical to the first stages of the house price regressions despite the lower number of observations. In column That is, our results are consistent with our theoretical model when > 0 and = 0.
Hence, the consumption of (own) housing services and quality of buildings in the neighbourhoods do not seem to be perfect substitutes. This is also confirmed by the regressions that control for average maintenance quality in the neighbourhood, which lead to almost identical price effects of investments.
One may argue that because we have a much lower number of observations, it might be a matter of efficiency that we cannot detect an effect of investments on the maintenance state.
However, except for the coefficient presented in column (6), the implied impact of the investments is very close to zero with reasonably small standard errors, suggesting that the absence of a statistically significant effect it is not an issue of efficiency. We will subject this conclusion to some robustness checks in the Section VI.B. (3)- (6) the instrument is the change in the predicted investments. We set = 3 in Column (5) and (6). Standard errors are in parentheses and clustered at the neighbourhood level. *** p<0.01, ** p<0.05, * p<0.1.
C. Counterfactual analysis
To gain a better understanding on the quantitative implications of the results, we conduct a counterfactual simulation using the baseline results. It should be noted that the results of this counterfactual analysis should be interpreted with caution, because we have to make several simplifying (and sometimes somewhat crude) assumptions to be able to come up with an estimate of the total external benefits of investments in cultural heritage. Furthermore, it is important to recognise that these results crucially depend on the exogeneity of investments in cultural heritage. More specifically, it matters critically that investments in cultural heritage were financed from sources exclusively outside the municipality and were not at the expense of other budgets, which seems reasonable to assume. In the analysis, we again focus on properties in neighbourhood that did not receive large investments and are not listed.
Our transactions data refer to about 70 percent of owner-occupied housing stock. To calculate the number of properties that are owned, we multiply the number of properties in our data with 1.43. Second, only about 55 percent of the properties is owner-occupied (Dröes and Koster, 2014) . To get an estimate of the total effect, we assume that the price effect is identical for rental properties. To include these social benefits, we have to estimate the market value of rental housing. It appears that the rental housing value is 67.9 and 69. We only focus on the price effects of neighbourhoods that did not receive more than € 2 million investment per square kilometre in one year once during the study period and we exclude listed buildings. We deflate house prices, investments and subsidies using the consumer price index, so all values are in 2011 prices. We calculate the average house price per neighbourhood in 2011 prices, count the number of properties in each neighbourhood and multiply that with 1.43. We then calculate the investments and subsidies in 2011 prices per square kilometre. Together with the implied price effects (1.68% and 5.39%) we have all information to calculate the benefits and costs.
figures, we assume that the median value of rental housing is 68.5 percent of the median house price in each neighbourhood. Including rental properties will probably lead to an upper bound of the total benefits of investments in cultural heritage because the price effect on rental housing is probably lower (see equations (4) and (5) and Rossi-Hansberg et al., 2010) . Third, we estimate the benefits and costs in 2011 prices, by deflating house prices, investments and subsidies by the consumer price index, obtained from Statistics Netherlands. Table 4 reports back-of-the-envelope calculations of the total benefits of investments in cultural heritage. We first take the baseline price effect obtained from Column (5), Table 2 .
When we take the lower bound estimate of external effects, the total external benefits of investments in cultural heritage are 1.85 billion euro. This is more than the 1.63 billion euro investments in cultural heritage. More specifically, the results suggest that the benefits are about 14 percent higher than the costs. If we take the upper bound price effect of 5.39 percent (Column (6), Table 2), the benefits to costs ratio is 1.77. Owner-occupied houses are about 55 percent of the total housing stock. If one is willing to assume that this share is reasonably constant across space and that the price effect is identical for rental housing, we may estimate the total external benefits of investments in cultural heritage on the housing market. The calculations show that the external benefits range then from 5.94 billion euro to 6.98 billion euro. The benefits-to-costs ratios are then between 3.64 and 4.28, which even provide more convincing evidence that investments in cultural heritage generate positive benefits to society. However, because the price effects are probably lower for rental housing, these latter effects are best interpreted as upper bound estimates of the effects of investments in cultural heritage.
VI. Sensitivity analysis
A. Introduction
In this sensitivity analysis, we investigate whether our results are robust to a wide range of robustness checks. First, we test whether the absence of a social interactions effect holds if we choose other dependent variable or when we exclude apartments. In what follows, we focus on the robustness of the house price effects and do not report the results for the maintenance state, because they remain statistically insignificant in all other specifications.
Second, we pursue another identification strategy based on historic district designation to, select areas that are likely similar in unobservables. Third, we test robustness of our results to several assumptions made in the empirical set-up. Finally, we inspect the magnitude of potential spatial spillovers of the investment programme. In Appendix B, we report and discuss some additional robustness checks. We test whether the price effect is robust if we include the average maintenance level in the neighbourhood, as to provide additional evidence that the investments in cultural heritage have mainly a direct effect on prices of surrounding properties. We also estimate fixed effects models, rather than first-differencing the variables of interest and we test whether our results are sensitive to the inclusion of areas that have received large investments,
B. State of maintenance
The sensitivity analyses with respect to the state of maintenance are reported in Table 5 . One might argue that for house owners occupying apartments, the possibilities to endogenously determine the maintenance level is limited. We therefore also have estimated regressions where we only focus on terraced, semi-detached and detached houses, leading to essentially the same conclusions. Hence, we do not find any evidence that public investments have led to changes in the maintenance level (see Column (1), Table 5 ). In Column (2), we report results when we take the overall maintenance quality (which is the average of the inside and outside state of maintenance) as dependent variable, rather than the outside maintenance quality.
Again, the coefficient is statistically insignificant. Column (3) includes all data and ignores any potential measurement error in the dependent variable (so, assumes that values of 0.75 are correctly reported). The results confirm that the investments in cultural heritage seem not to be statistically significantly related to the maintenance quality of the house. In the final column, we use a dummy that indicates whether the maintenance state is above 0.75. The coefficient related to investments remains statistically insignificant. We exclude observations that are in listed buildings. The instrument is the change in the predicted investments and we set = 3. Standard errors are in parentheses and clustered at the neighbourhood level. *** p<0.01, ** p<0.05, * p<0.1.
C. Identification revisited: a 'quasi-experimental' approach
We identify the effect of investments in cultural heritage using an instrument that exploits yearly changes in the national budget for subsidies on cultural heritage. Here, we pursue an alternative 'quasi-experimental' approach based on historic district designation. The main threat to identification of a causal effect is that unobserved price trends are correlated to investments in cultural heritage. To mitigate the problem of correlated unobserved trends, we should measure the effects of investments in cultural heritage in 'comparable' neighbourhoods. Of course, the 'treatment' variable we consider, the investments in cultural heritage, is continuous, so treatment and control groups cannot be strictly defined.
Nevertheless, we may focus only on neighbourhoods that are expected to have similar unobserved traits.
In the Netherlands, designation of historic district is the responsibility of the national government. The procedure for an area to be converted into a historic district (in Dutch:
beschermd stadsgezicht) is prepared by the RCE. It is important to note that in contrast to the UK and the US, municipality and house owners cannot influence this process, so the location of historic districts is thought to be exogenously determined (from the house owner perspective) (Ahlfeldt et al., 2014; Koster et al., 2014 Figure 5 shows that the predicted investments in designated and runner-up MSP-districts were very similar until 1995. Due to designation of historic districts after 1995, the cumulative investments probably have increased. Although historic district designation officially does not imply changes in the probability to receive subsidies and becoming a listed building, informally the probabilities to become listed and receive investments are probably higher when an area is officially designated. Because unobserved trends between designated and runner-up MSPdistricts may differ after 1995, we also estimate a specification where we only focus on designated MSP-districts.
We may pursue a repeat sales approach, as in the previous sections. However, we would have too few observations to identify the effect of interest. Instead, we include postcode fixed effects. In the Netherlands, postcode areas encompass about half a street (on average 15 households), which is comparable to a census block in the United States. The fixed effects essentially deal with all unobserved time-invariant spatial attributes (Van Ommeren and Wentink, 2012) . 20 We then estimate equations of the following form:
19 Note that if lobbying might be a way for house owners to be placed on the list, this does not invalidate our identification strategy because we focus on observations in MSP-districts only. 20 One may worry that the baseline repeat-sales results may differ from the results obtained using a fixed-effects approach. In Appendix B we report and discuss results when using postcode fixed effects, , where are parameters to be estimated. We also will include a function of the number of listed buildings ℓ in year interacted with a flexible time trend. We again exclude listed buildings and the locations that have received more than € 2 million investment per square kilometre in one year once during the study period. Table 6 reports the results when we only include observations in designated and runnerup MSP-districts. In column (1) the results seem to suggest that a million euro increase in investments per square kilometre increases house prices with 4.65 percent. This effect becomes somewhat stronger if we control for housing attributes in column (2). Column (3) controls for the polynomial function Ω( • ), so controls for price trends that are correlated with the year in which the designation of MSP-district is taken into consideration. The price increase is then 5.04 percent for a million euro increase in investments per square kilometre.
Although the effect is only statistically significant at the 10 percent level, the quantitative effect is similar to the upper bound effect found previously. The price effect is very similar if we also control for the function of the number of listed buildings in column (4). In column (5) we only include transactions that take place after 2000. Again, the coefficient is very similar.
One may be worried that the runner-up districts are for some reason different from designated MSP-districts, for example because runner-up MSP-districts are sometimes relatively large rural areas (see Figure A1 , Appendix A). In column (6) we therefore only focus on observations in designated historic districts, which reduces the number of observations with more than 20 percent. The price effect is then almost identical to the previous specification, which provides additional evidence that investments have implied a house price increase of properties in the neighbourhood.
Hence, despite the somewhat larger confidence intervals due to lower number of observations, this quasi-experimental set-up seems also to suggest that investments in cultural heritage have economically meaningful effects on house prices.
rather than first-differencing. The coefficients are very similar to the baseline results reported in Table  2 . We exclude observations that are in listed buildings. . The control variables are house size (log), rooms, central heating, maintenance level -inside, maintenance level -outside, maintenance level -missing, house type -terraced, house type -semi-detached, house type -detached, house type -apartment, garage garden and 8 construction-decade dummies. We set = 3 in Columns (3), (4), (5) and (6). Standard errors are in parentheses and clustered at the neighbourhood level. ** p<0.05, * p<0.1.
D. Identification revisited: other specifications
In this subsection, we discuss some issues with respect to the initial identification strategy using the shift-share instrument.
First, to allow for the fact that neighbourhoods with more listed buildings have different price trends from other neighbourhoods, we include a flexible function of the number of listed buildings and time. We choose an order of the polynomial of three, which is somewhat arbitrary. In Columns (1) and (2) in Table 7 we therefore also investigate whether our results change when we include second or fourth order polynomials. It appears that the results are virtually unchanged. Hence, the order of the polynomial seems not to be very important. It should be noted that if we would include higher order polynomial functions, this would lead to severe multicollinearity. Rather than including flexible trends, we might also focus on areas that are 'comparable'. In Column (3) we only select areas with a positive number of listed buildings in 1985 and use the same identification strategy. This reduces the number of observations with 70 percent. The price effect is, however, very similar (about 2.7 percent for a million euro per square kilometre increase).
The current instrument uses the stock in 1985 to predict the amount of subsidies and the associated investments in cultural heritage. To minimise the possibility that the stock of listed buildings is correlated to pre-trends in prices, we construct the instrument also based on the number of listed buildings in 1975. The coefficient in Column (4) suggests that this will not lead to different conclusions: a million euro per square kilometre investments leads to a price change of 1.62 percent. (3) and (4) the instrument is the change in the predicted investments. In columns (5) and (6), the instrument is the change in the listed building type-specific predicted investments. We set = 3 in Columns (4)-(6). Standard errors are in parentheses and clustered at the neighbourhood level. *** p<0.01, ** p<0.05, * p<0.1.
Another objection one may have against the instrument is that it does not make a distinction between different types of listed buildings, which are not all eligible for different subsidy programmes. For example, there is a programme that explicitly targets castles and country estates. Areas with more castles and country estates are therefore more likely to receive these subsidies. In Appendix A we explain in more detail which programmes target different types of listed buildings. We then construct an instrument taking into account that several subsidy programmes target different types of listed buildings. Because these programmes differ vastly over time in terms of budget, this implies that the predicted investments for each listed object to receive money changes considerably over the years. In Column (5) we use the type-specific instrument, rather than the original instrument that does not take into account type-specific predicted investments. The type-specific instrument is calculated as follows:
, where = 1, … , denotes the type of listed building.
The coefficient is then very similar to the baseline results. We also try to isolate this source of identifying variation by controlling for the general instrument used in the previous section, while using the type-specific predicted investments as the instrument. Hence, the identifying variation comes from changes in predicted investments of listed buildings due to -28-changes in subsidy programmes that target different types of listed buildings. Column (6), Table 7 , reports the results. The instrument seems to be strong and the point estimate is close to the baseline results. However, because the correlation between the general predicted investments and the type-specific predicted investments is 0.99, the point estimate is very imprecise and we cannot draw strong conclusions based on these results. 21
E. Spatial spillovers
We do not consider it the main purpose of this paper to investigate the spatial decay of investments in cultural heritage, mainly because we lack very accurate information on the location of (all) listed structures. Nevertheless, it may be important to investigate whether there are spatial spillovers and, more importantly, whether controlling for investments in close neighbourhoods affects the main effect. Controlling for neighbouring investments may be important when investments are correlated over space and time, because when investments in one area are associated with investments in nearby areas, this might lead to an overestimate of the impact of the investments in cultural heritage.
In Table 8 we report the results of the regression where we include a variable indicating the average investments in neighbourhoods that are within 250 meters of the own neighbourhood and a variable indicating the average investments for neighbourhoods that are between 250 and 500 meters of the own neighbourhoods. The instruments are then predicted investments and the average predicted investments in nearby neighbourhoods. 22 In column (1) we only instrument investments in the own neighbourhood and control for the trend of listed building density in the own neighbourhood. The results indicate that the own investments have a positive impact on house prices: a million euro per square kilometre investments leads to a price change of 1.64 percent, which is very similar to our baseline specification. The investments in nearby neighbourhoods do not seem to impact house prices in the own neighbourhood. In column (2) we also control for trends of listed building density in the corresponding distance rings. This hardly affects the results, although investments in neighbourhoods within 250 meters of the own neighbourhood seem to have a negative impact on house prices in the own neighbourhood. However, this effect is not economically important and close to zero. The effects of nearby investments are similar when we instrument them in column (3). The instruments are then the predicted investments in 0-250 and 250-500 meters of the own neighbourhood respectively. When we only focus on transactions that take place after 2000, the main effect becomes again larger, in line with the 21 We also investigate whether this result will change when we do not include fixed effects and/or time trends interacted with the stock of listed buildings and when we focus on observations for which both transactions are observed after 2000, because most of the variation in type-specific subsidies occurs after 2000. Although the point estimate is always positive and in line with previous specifications, the coefficient remains quite imprecisely estimated. 22 We calculate the average investments by summing up all investments in the corresponding distance ring (based on neighbourhood centroids) and then dividing by the total area of the neighbourhoods that fall within the distance ring. We exclude observations that are in listed buildings. The instruments are the change in the predicted investments and in the change in predicted investments in neighbourhoods <250m and neighbourhood 250-500m. We set = 3. Standard errors are in parentheses and clustered at the neighbourhood level. *** p<0.01, ** p<0.05, * p<0.1. baseline estimates. The investments in neighbouring areas within 250 meters now have a small, albeit statistically significant, positive effect on house prices. Hence, these results seem to suggest that the spatial decay of investments is quite strong, so that investments are mainly important in the own neighbourhood, in line with Rossi-Hansberg et al. (2010) .
VII. Conclusions
In this paper we study the impact of investments in cultural heritage on house prices in surrounding areas. From an economic point of view, a main reason for subsidising these investments is the presence of a positive external effect from the heritage on the properties of the area in which it is located. Finding a positive causal impact of such investment on surrounding house prices would therefore provide a strong argument for the subsidies given.
In this paper, we make a distinction between the direct price effect of investments in cultural heritage and the indirect effect, via changes in the consumption of housing services of properties that are not eligible for subsidies. We proxy for housing services using the maintenance state of the exterior of the house. To identify a causal effect of investments in cultural heritage, we use repeat sales and exploit variation in spending on cultural heritage -30-by the national government. We further control for unobserved traits by including neighbourhood fixed effects, so we identify the effect of investments that deviate from neighbourhood-specific price trends. We also include a flexible function of the stock of listed buildings in 1985 interacted with the time trend, to control for price trends that are correlated to the concentration listed buildings in space.
Our estimation results confirm the presence of a positive external impact of investments in cultural heritage on house prices. A one million euro increase in investments per square kilometre leads to an increase in house prices of 1.5-5 percent. This seems to be mainly a direct effect of the investments in cultural heritage, rather than an indirect effect. More specifically, we cannot detect any effects of investments in cultural heritage on the maintenance state of houses, which suggests that the main impact of these investments on utility is a direct one that operates independent of the demand for housing services. has spent more than 10 percent of the budget on mills. The RERRM09, SRHCE and RM0111
are relatively small investment programmes that target specific listed buildings.
We use this information to construct the instrument. We first assume that only structures that are listed in 1985 were eligible for the entire study period. To construct the instrument we use in the empirical analysis, we assume that each listed building is eligible for every programme. We then compute the predicted subsidy for each listed building in each year for each programme by dividing the total budget spent by the programme by the number of listed buildings that are eligible. The predicted subsidy for each listed building in each year is then determined by simply adding up the predicted subsidies for all programmes. Because we do not have information on the size of listed buildings, the expected subsidy for each listed building in each year is independent of the size. This may arguably lead to some measurement error in the instrument (because larger listed buildings are more likely to receive subsidies). We define the expected subsidy per area by aggregating the expected subsidies per listed building in each year at the neighbourhood level. In the sensitivity analysis, we also construct an instrument that takes into account that each listed structuremay not be eligible for each programme (based on its type, see Table A2 ).
A.2 Investments in the exterior and interior of listed buildings
We are interested in the external effect of investments in cultural heritage. We therefore focus on investments that have made changes to the exterior of the building. Often, we do not know what specific part of the building is renovated. Moreover, many investments apply to both the exterior and the interior of the listed building. However, for a reasonable number of investments, we are sure that the investments only apply to the interior, based on the description of the investment. The investments have been excluded when the following description applies : aardappelkelder, achterhuis, annunciatie, aswiel molen, attic, balklagen, behangsel van Jacob Cats, beschoeiing, blaasbalg, bliksemafleider, bouwhistorisch onderzoek, bouwhistorisch onderzoek, brandbeveiliging, consistorie, epitafen, gebinten, gedenkborden, gerfkamer, gewelven, gobelins, graftombe Floris V, graftombe in kerk, grafzerken, haardpartij, hoofdaltaar, kapvoetconstructie, kerkankers, kerkklok, knaagkeverbestrijding, ladderhaken, magazijn, maquette, molenstuw, muurfragment, muurplaatankers, muurschilderingen, natte muren, natuurparken in Terschelling, onderzoek, orgel balkon, orgel luiken, orgels, plafond, plankosten, plankosten, plebanie, podium concertgebouw, preekstoel, spantbenen, stijlkamers, stoelen, trapopgang, urinoir, ventilatie, vieringgewelf, vijzel, vloerverwarming, voorbereidingskosten, waterpasmeting. A.3 Historic districts and runner-up locations were not designated as historic district. One may observe that there are some two large MSP runner-up historic districts in mostly rural areas. We therefore also estimate a specification where we only focus on designated MSP-districts, to account for the fact that runner-up MSPdistricts may have different unobserved trends than designated MSP-districts (see column (6), Table 6 ). Table 2 . It is shown that predicted investments are a strong predictor of actual investments, as the first-stage F-statistic is well above the rule-of-thumb value of 10. The coefficient is lower than one, because we exclude locations that have received large subsidies, so the expected value for the other area is than less than the total investments in cultural heritage divided by the total number of listed buildings. Table B3 reports results for the state of maintenance, where we have fewer observations. The coefficients are then similar, although the first-stage F-statistics tend to be higher.
Appendix B. Other results
B.1 Descriptive statistics for changes
B.3 Average maintenance level in the neighbourhood
Our theoretical framework predicts that the change in prices due to investments in cultural heritage is a function of changes in the quality of nearby listed buildings and the quality of other properties (see equation (5)). Although we do not find that the maintenance level is affected by investments in cultural heritage, it might be that our dataset is too small to detect the change in the maintenance level of properties. To test whether the conclusion that price effects of investments in cultural heritage are mainly caused by a direct improvement of listed buildings, we may also directly control for the average maintenance level in the neighbourhood.
Of course, we do not observe the maintenance level of all properties at each moment in time, but we observe only the maintenance level of properties that are sold. We then (3)- (6) the instrument is the change in the predicted investments. We set = 3 in columns (5) and (6). Standard errors are in parentheses and clustered at the neighbourhood level. *** p<0.01, ** p<0.05, * p<0.1. determine the average maintenance level of properties that are sold in a neighbourhood in a specific year. If there are no sales in a specific year in a neighbourhood we take the value of the preceding year. One variable only includes the maintenance rate if the inside or outside maintenance level deviates from 0.75, which also may indicate a missing value. The other variable includes all properties and ignores any potential measurement error. Table B4 reports the results.
Column (1) is the naïve specification without housing attributes, but with the average maintenance level in the neighbourhood. It is shown that the effect is similar to the baseline specification. This also holds if we include housing attributes in column (2), use the predicted investments as an instrument in column (3), add neighbourhood fixed effects in column (4), include a trend of listed building density in column (5), and only focus on transactions that take place after 2000 in column (6). The coefficients is only a little lower in all specifications, which makes it unlikely that the indirect effect of investments in cultural heritage via an improved level of the outward appearance of houses in the neighbourhood is important. The average maintenance level in the neighbourhood seems to have a positive effect, at least when we include the maintenance level of all properties in the neighbourhood, but once we better control for unobserved trends, the effect becomes smaller and statistically insignificant when we only focus on properties that are sold after 2000.
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B.4 A fixed effects approach
The baseline results are based on a repeat sales approach. Instead, we may also include postcode fixed effects. In the Netherlands, postcode areas encompass about half a street (on average 15 households). The fixed effects deal essentially with all unobserved time-invariant spatial attributes. We then estimate the following regression equation:
where is the log price of a house, are housing attributes, including the construction year, house type, and are postcode fixed effects. In Table B5 we report the results.
In column (1) we regress the house price on investments, postcode fixed effects and year fixed effects. The coefficient implies that a million euro increase in investments per square kilometre increases house prices by 1.26 percent. This effect is slightly higher when we control for 19 housing attributes. In column (3) we instrument the investments using the predicted investments (see equation (9)). The price effect is then very similar. When we only focus on properties transacted after 2000, the price increase due to a million euro increase in investments per square kilometre is 2.55 percent. When we only focus on areas that had a positive number of listed buildings in 1985, the coefficient is almost identical, despite the fact that the number of observations reduce with almost 70 percent. Hence, the fixed effects models seem to confirm a price effect in the same order of magnitude compared to the repeat sales models. 
B.5 Large investments
Investments are strongly skewed, with some areas receiving substantial investments in cultural heritage (see e.g. Van Duijn et al., 2012) . Until now, we have excluded the upper 2.5 percent of the neighbourhoods that have received more than € 2 million investment per square kilometre in one year once during the study period. In Table B6 we investigate whether this is choice is important for our results.
Column (1), Table B6 , we exclude neighbourhoods that have received more than € 4 million investment per square kilometre in one year once during the study period, which is twice the base value. The results indicate that the effect is very similar to the baseline results.
Column (2) excludes observations in neighbourhoods that have received more than € 1 million investment per square kilometre in one year once during the study period, so half the base value. The coefficient becomes then somewhat larger in magnitude, although it is not statistically significantly different from the initial baseline estimate. Column (3), Table B6 , does not use investments in euros, but investigates the impact of the density of targeted objects, so that we can include all observations. The number of targeted buildings is much less skewed than the absolute value of investments, so the likelihood that our results are driven by some large investments is then much lower. The results suggests that a standard deviation increase in the number of targeted buildings leads to an increase in the house price of 1.46 percent, confirming the importance of investments in cultural heritage. 23
